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Project 

A Programmable 
Ni -Cd Recycler 

Safely recharges and reconditions nickel -cadmium 
batteries and up to 10 cells of any capacity 

By Peter A. Lovelock 

So many articles have been 
written about the care and 
feeding of rechargeable nick- 

el- cadmium batteries that it is proba- 
bly difficult to imagine anything new 
in this subject. As a heavy user of Ni- 
Cd batteries and cells, however, two 
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Fig. 1. The basic constant- current charger circuit. 

Fig. 2. Overall schematic diagram minus power supply. 
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problems have always plagued me. 
One was the need to have a number 
of chargers around for the various 
voltage /capacity power packs I use. 
The other was the need to regularly 
"exercise" my Ni -Cd cells and bat- 
teries to eliminate the "memory" 
phenomenon that affects them when 
their charges are constantly "topped 
up" after partial discharge. 

What I needed was a charger that 
could be programmed to the desired 
charge rate and a maximum voltage 
shutdown equal to one to ten cells. 
The solution was the Programmable 
Ni -Cd Recycler described here. Re- 
charging Ni -Cd cells and batteries 
was only one of the design objec- 
tives. Another was a switch that 
could be used to discharge the Ni- 
Cds after completing a full- charge 

cycle to reduce and eliminate the 
dreaded memory effect. In this proj- 
ect, the battery can be switched back 
to charge when its discharge voltage 
drops to a preset 1 volt per cell and 
automatically recycles between 
charge and discharge within con- 
trolled limits. One cycle keeps Ni- 
Cds healthy. Repeated cycling eli- 
minates the memory effect. 

A final design objective was to in- 
corporate into the project a "zap- 
per" mode. The zapper clears inter- 
nal "whiskers" that cause Ni -Cds to 
short circuit between their terminals 
and prevent them from taking on a 
charge. It also allows cells that have 
become reverse -charged to be re- 
stored to normal polarity. Though 
the zapper circuit is part of the proj- 
ect, it can be assembled and used 

separately as a stand -alone recondi- 
tioning device. 

Problems & Solutions 
A number of effects can result in fail- 
ure of nickel- cadmium cells and bat- 
teries. Chief among these are the 
following: 

Frequent shallow discharge before 
recharging that results in the dreaded 
"memory phenomenon," mani- 
fested as an apparent loss in a Ni- 
Cd's ampere -hour capacity; 

Charging to less than 1.4 volts per 
cell (not replacing the required 30% 
more energy than was discharged 
while the Ni -Cd was in service), 
which contributes to the memory 
phenomenon; 

Short circuiting, caused by chemi- 
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PARTS LIST 
Semiconductors 
D1 -5.1 -volt, 1 -watt zener diode 
D2,D3- 1N4003 rectifier diode 
D4 -volt, 1 -watt zener diode 
D5 thru D8- IN4001 rectifier diode or 

50 -volt, 1- ampere bridge rectifier 
IC1 -7815 + 15 -volt regulator 
IC2 -7805 + 5 -volt regulator 
IC3-LM339 low-power quad 

comparator 
LED1 -5 volt flashing light- emitting 

diode (Radio Shack Cat. No. 276 -036 
or similar) 

LED2- Panel -mount light- emitting 
diode 

Q1, Q4 -TIP42 pnp transistor 
Q2,Q3,Q5- 2N2222 npn transistor 
SCR 1- 2N5610 1- ampere (50 -volt or 

more) silicon controlled rectifier 
SCR2- 6- ampere, 200 -volt silicon con- 

trolled rectifier (Radio Shack Cat. 
No. 276 -1027 or similar) 

Capacitors 
C1- 47 -µF, 50 -volt electrolytic 
C2- 10,000 -µF, 50 -volt computer - 

grade electrolytic 

C3- 1,000 -µF, 50 -volt electrolytic 

Resistors (1/4-watt, 5% tolerance) 
R2 -6,800 ohms 
R4- 33,000 ohms 
R5,R6,R18 -5,600 ohms 
R7,R10,R15 -3,000 ohms 
R8,R9- 680,000 ohms 
R14,R16- 20,000 ohms 
R17,R20,R24 -1,000 ohms 
R26- 560,000 ohms 
R27- 150,000 ohms 
R28- 220,000 ohms 
R11-100 ohms, 1 watt (10% 

tolerance) 
R19 -470 ohms, 1 watt (10% 

tolerance) 

R25 -100 ohms, 1 watt (10% 
tolerance) 

R12 -20 ohms, 5 watts (10% 
tolerance) 

R13 -50 ohms, 5 watts (10% 
tolerance) 

R21 -20 ohms, 10 watt (10% 
tolerance) 

R22,R23 -See text 
R1- 10,000 -ohm, 10 -turn otentiometer 

with vernier dial 
R3- 10,000 -ohm flat -mount pc 

trimmer potentiometer 
Miscellaneous 
F1 -0.5- ampere slow -blow fuse 
K1 -12 -volt dc relay with 1- ampere 

contacts (Radio Shack Cat. No. 
275 -241 or equivalent) 

S1 -DP3T, center -off toggle switch 
(Radio Shack Cat. No. 275 -1545 or 
similar) 

S2 -SPDT toggle or slide switch 
S3- 3- position nonshorting rotary 

switch 
S4 -DPDT slide or toggle switch 
S5 -SPST slide or toggle switch 
T1 -25 -volt power transformer 

Suitable enclosure (see text); printed - 
circuit board or perforated board 
and soldering hardware; socket for 
IC3 (optional); bayonet fuse holder 
for F1; 4 -lug terminal strip (see text); 
ac line cord with plug; rubber grom- 
mets; control knobs for R1 and S3; 
9 -volt battery snap and cell holders 
(see text); lettering kit; clear acrylic 
spray; insulating tubing; No. 6 

ground lug; spacers; machine hard- 
ware; hookup wire; solder; etc. 

Note: An etched and drilled pc board is 

available for $8.00 ppd from: R &R 
Associates, 3106 Glendon, Los Angeles, 
CA 90034. California residents, add state 
sales tax. 

cal "whiskers" growing inside Ni- 
Cd cells that prevent the cells from 
taking on a charge; 

Reversed polarity of a cell in a ser- 
ies string, which is fully discharged 
first and then reverse charged by cur- 
rent flowing from the other cells in 
the string. 

Fortunately, these effects are usu- 
ally curable, allowing most Ni -Cds 

to be restored to full health. A cell or 
battery that has dried out due to a 
ruptured internal seal resulting from 
overheating, though, can not be 
cured by any known means. (The 
small crystals visible around their 
terminals easily identify a cell that 
has been ruptured and is beyond 
salvage.) 

Solutions to the above effects as 

well as the ability to recharge Ni -Cds 
are provided in the Ni -Cd Recycler. 
The basic element of this project is its 
charge mode whose programmable 
charger can accommodate from one 
to ten cells. It charges each cell with a 
sufficient voltage to assure restora- 
tion of 3007o more energy than was 
drained from it while in service. 

A recycle mode can automatically 
switch fully charged cells and bat- 
teries to a discharge load, draining 
them until their charge drops to 1.0 
volt per cell and then back to the 
charge mode to restore full charge. 
In the recycle mode, Ni -Cds are recy- 
cled continuously between full 
charge and discharge over their full 
capacity range to eliminate the mem- 
ory effect. Recycling can be done 
just once every so often to keep Ni- 
Cds healthy, or it can be allowed to 
run as many times as needed to elimi- 
nate the memory condition. 

Finally, the zapper function's 
high- current pulses are applied to 
shorted cells to burn away internal 
shorts and to repolarize reverse - 
charged cells. 

About the Circuit 

Constant -current charging was chos- 
en over constant -voltage charging as 
the fastest means of restoring the 
charge on a spent battery or cell with- 
out the attendant heat generated by 
an initial higher current. The circuit 
shown in Fig. 1 is the heart of the 
constant -current charger. Built 
around the common 7805 5 -volt reg- 
ulator, this circuit shows a single re- 
sistor, R, between the chip's output 
and common pins. The resistor sets a 
constant -current output that is deter- 
mined by the equation: R = 5 /I. For 
example, for a 50 -mA charge rate, R 
= 5 /0.05 = 100 ohms. Using a ro- 
tary switch as shown, different -value 
resistors can be connected to the var- 
ious switch positions to provide dif- 
ferent charge rates. 

Supply voltage to the 7805's input 
terminal must be at least 5 volts 
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Fig. 3. Internal details and pinouts for LM339 quad comparator. 

greater than the highest voltage re- 

quired. To avoid life- reducing un- 
dercharging, the circuit should be de- 
signed to put back 30% more energy 
than was drawn by the cell or battery 
while it was in service. Therefore, the 
voltage on each cell must rise to 1.4 
volts under charging conditions. For 
a 10 -cell, 12.5 -volt battery pack, 
maximum charge must be 14 volts. 
Therefore, minimum supply voltage 
to the regulator chip must be (10 x 
1.4) + 5 =19 volts. To be on the safe 
side, it is best to use 20 to 25 volts dc. 

Figure 2 shows the final design of 
the charger circuit. Here, + 15 -volt 
regulator ICI is referenced 5.1 volts 
above ground by zener diode DI to 
supply a regulated 20 volts dc to 
5 -volt regulator IC2. The 20 -volt 
output from ICI also supplies power 
to the control circuitry. Cells and 
batteries to be charged connect to the 
circuit via the + and - BATTERY ter- 
minals shown at the far right. 
Only three current -control resis- 

tors are switched in this circuit to 
provide 50, 150 and 300 mA via R11, 
R12 and R13, respectively. Any 
number of current -control resistors 
can be switched to furnish a range of 
currents up to the 1- ampere ratings 
of ICI and IC2 (Fig. 1). These resis- 
tors should have a wattage rating de- 
termined by the I2R formula; for a 
100 -ohm resistor at 50 mA charge, 

which actually calls for a '/ -watt re- 
sistor, use a 1 -watt rating. 

In Fig. 2, RH is always in the cir- 
cuit, regardless of the position to 
which CHARGE RATE switch SI is set. 
To obtain the 300- and 150 -mA 
charge rates, R12 and R13 are 
switched in parallel with RI1. 

In the charge /discharge control 

circuit, two sections of quad compa- 
rator IC3 (see Fig. 3 for internal de- 
tails and pinouts for this quad com- 
parator) separately detect the pro- 
grammed full charge and full dis- 
charge voltage limits. In the charge 
mode, v MAX control RI sets a refer- 
ence voltage on the inverting ( -) in- 
put of the first comparator in IC3 at 
pin 8. This reference voltage is equal 
to 1.4 times the number of cells. The 

noninverting ( + ) input at pin 9 of 
this comparator monitors the output 
voltage across the cell or battery be- 
ing charged. When the charge ex- 

ceeds the reference set by R1, the 

comparator's output at pin 14 goes 
high, producing 20 volts that biases 
off QI and disables the charge cur- 
rent to the cells. The 20 volts also 
turns on Q2 and END OF CHARGE 
light- emitting diode LED1. 

A 10 -turn precision potentiometer 
with vernier dial is recommended for 
RI. However, a single -pole rotary 
switch and a number of fixed -value 
resistors can be substituted for the 
voltage reference portion of the cir- 
cuit (Fig. 4). Figure 4A employs an- 
other 7805 to supply a constant 1 mA 
to resistors of selected fixed values. 

The values of these resistors are cal- 
culated according to the formula R 

= Vref /0.001. For example, for Vref 
= 8.4 volts, R = 8,400 ohms. 

If you have a problem finding re- 
sistors of the exact calculated values, 
various standard values can be wired 
in series or /and parallel configura- 
tions as needed. Alternatively, you 
can wire into the circuit separate 
10,000 -ohm trimmer potentiometers 
for each switch position, as in Fig. 
4B, and set them for the desired ref- 
erence voltages. 

Returning to Fig. 2, resistor R8 
sets up conditions so that when the 
battery (off charge) drops down 
about 0.2 volt, output pin 14 of IC3 

Fig. 4. Alternative voltage references. 
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NOTE: 
117Vac 05 thru D8 = 1N4001 or 50V, 1A bridge rectifier. 
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Fig. 5. Power supply for Fig. 2. 

goes low, QI switches on the charg- 
ing current, cutting off Q2 and ex- 

tinguishing LEDI. Circuit status 
then remains unchanged until the 
voltage across the cells or battery be- 
ing charged rises above the reference 
level set by RI. This cycle then re- 
peats, with the charge pulsed on and 
off, rather than tapering down, with 
decreasing charge pulses as the bat- 
tery tops off. The pulsing final 
charge is very effective in bringing 
the battery to full charge without 
creating an overvoltage condition. 

In operation, even when cells are 
left for several hours on pulsating 
charge, there will be no discernible 
heating of the cells. With S2 set to 
CHARGE, LEDI will flash when the 
battery is fully charged. 

With S2 set to RECYCLE, the first 
time the battery voltage causes IC3 
to switch to a high output at pin 14, 

SCRI turns on. This closes Kl's low- 
er contacts, completing a circuit 
from the battery or cell to ground 
through R17. This resistor then dis- 
charges the battery until the voltage 
drops below the reference at the pin 4 

inverting input of the second com- 
parator in IC3, set by V MIN control 
R3 (V MIN is equal to 1 volt times the 
number of cells being charged). 

When output pin 2 of IC3 is high, 
Q3 conducts. When battery voltage 
monitored by the noninverting input 
at pin 5 of IC3 drops below the V MIN 

reference at pin 4, output pin 2 goes 
low. This deenergizes K1 and switch- 
es the battery back to the charge out- 
put. Interruption of relay coil cur- 
rent also switches off SCR1. 

Trimmer R3 and resistors R2 and 

R4 can set the discharge limit to 70% 
of the charge limit. Since R3 is sup- 
plied from the wiper of Rl, the dis- 
charge limit will always track the 
charge limit set by R1. Hence, R3 
must be adjusted only once and is, 
therefore, a hidden set -and -forget 
trimmer control. 

Shown in Fig. 5 is the simple ac- 

line- operated power supply for the 
Fig. 2 circuit. This circuit delivers an 
unregulated 22 to 35 volts to the 
charger circuit. Regulation is accom- 
plished by ICI and IC2 in Fig. 2. 

Burning away internal whiskers by 
discharging a large capacitor like the 
10,000 AF specified for C2 in Fig. 2 

through the "bad" cell is effective, 

though it can require a considerable 
number of discharges to fully clear a 
short. Connecting one or more good 
Ni -Cd cells across the shorted cell 

may work but could result in destruc- 
tive venting if a heavy current is sus- 
tained for too long a time. 

Repeated short -duration, high -en- 
ergy pulses delivered to a shorted cell 

clears whiskers without attendant 
potential damage to the cell being 
treated. Short clearing in this project 
is accomplished with the automatic 
zapper circuit consisting of C2, R4, 
Q5 and SCR2 in Fig. 2. (Warning: Be 

sure to use the zapper function with 
only one Ni -Cd cell at a time!) 

With S4 set to ZAP, regulated 20 

volts dc charges C2 through Q5. 
When the charge reaches 15 volts, 
zener diode D4 conducts and triggers 
on SCR2, causing Cl to discharge 
through the cell connected to the out- 
put terminals of the project in a short 
burst of high energy. 

Feedback to the base of Q5 causes 
this transistor to disable the charging 
current until C2 is fully discharged 
and SCRI stops conducting. Then 

Fig. 6. Actual -size etching- and -drilling guide. 
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when Q5 conducts again, C2 charges 
once more. The cycle repeats as long 
as needed to restore the shorted cell. 

CONDITION light- emitting diode 
LED2 is normally off, since the cell is 
a direct short circuit across it, but it 
flashes each time a pulse is applied to 
the cell. When the cell's internal 
short is cleared, LED2 lights contin- 
uously to signal that the cell has been 
cleared of whiskers. 

In addition to clearing internal 
short circuits, the zapper function 
will repolarize cells that have become 
reverse charged. Bear in mind, 
though, that not all such cells can be 

Fig. 7. Wiring details for pc board 

rejuvenated in this manner. Some 
are just plain worn out from use. 
Just connect the cell across the proj- 
ect's output terminals in proper po- 
larity and run the zap function until 
LED3 lights continuously and then 
switch over to normal charging until 
the cell's potential on charge mea- 
sures the full 1.4 volts. 

Construction 
Most of the circuitry shown in Fig. 2 
can be assembled on a small printed - 
circuit board you can make yourself 
using the actual -size etching -and- 
drilling guide shown in Fig. 6. If you 

and potentiometer RI and switches. 

NOTE: 
*Viewed from rear. 
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(see text) 

wish, you can purchase a ready -to- 
wire board from the source given in 
the Note at the end of the Parts List. 
Alternatively, you can assemble the 
circuit on perforated board with the 
aid of suitable soldering hardware. 

Light- emitting diodes LEDI and 
LED2, 10 -turn potentiometer RI 
and the various switches mount on 
the front panel of the box in which 
the project is housed. Wire the Fig. 2 
circuit exactly as shown in Fig. 7, 
starting with the resistors and diodes 
and working up to the largest com- 
ponents. Note that D3 mounts on the 
bottom of the board, after installing 
Kl. A socket for 1C3 is optional but 
recommended. Make sure as you in- 
stall Cl, the diodes, transistors and 
ICs that they are properly oriented 
before soldering their leads into place. 

Mount all power resistors with 
1 -watt or higher rating so that there 
is Y. " to '/4 " of space between them 
and the board's surface to allow for 
air circulation. Finish board wiring 
by installing and soldering into place 
suitable lengths of prepared hookup 
wire at the locations that are to inter- 
connect with off -the -board compo- 
nents. Use heavy -duty color -coded 
stranded hookup wires for the lines 
to the power supply and output ter- 
minals and for the wiring between 
S4B and Kl's toggle contact. 

For convenience, it is a good idea 
to use a pair of front -panel- mounted 
color -coded jacks or 5 -way binding 
posts, connected to the project's out- 
put terminals, to allow you to moni- 
tor battery voltage during charging 
with an external meter. The battery 
connectors and holders can be in- 
stalled in the project case, along with 
the rest of the circuitry. If you decide 
to use a separate box in which to 
house the battery connectors and 
holders, mount a suitable jack on the 
rear panel of the main project to pro- 
vide a means for connecting the ex- 
ternal box to it. 

Drill all required mounting holes, 

(Continued on page 86) 
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A Programmable Ni -Cd Recycler (from page 32) 

including a hole for POWER switch S5. 
If you are using a metal enclosure, 
deburr all holes. Now, dry- transfer 
label the various switches according 
to function and position, the LEDs 
and 10 -turn vernier -dial potentiome- 
ter RI. Then spray three or four light 
coats of clear acrylic over the letter- 
ing, waiting for each coat to dry be- 
fore spraying on the next. 

Mount the LEDs on the front 
panel via either clips or small rubber 
grommets. Then mount RI via its 
vernier dial and the various switches, 
orienting them as shown in the de- 
tails given in Fig. 7. Note that R11, 
R12 and R13 wire directly across the 
lugs of S1 and that R21, R22 and R23 
wire to the position lugs of S3. In the 
latter case, tie together the free ends 
of the resistors and terminate the 
common connection with a length of 
heavy -duty stranded hookup wire. 

Mount the circuit board in place, 
using '/2" spacers and % " machine 
hardware. Place a No. 6 ground lug 
under one of the board's screws near- 
est the front panel. Then connect the 
free ends of the wire coming from the 
board to the indicated lugs of R1 and 
switches, trimming their lengths as 
necessary to keep the project neat. 
Tie the free end of the wire connected 
to the common junction of R21, R22 
and R23 to the solder lug and solder 
the connection. 

Before connecting and soldering 
the wires to the leads of the LEDs, 
slip over them lengths of insulating 
tubing. Then push the tubing up to 
cover the exposed metal of the leads 
to prevent them from shorting to 
each other or the chassis. 

Securely bolt C2 and Tl to the 
floor of the enclosure. If you are us- 
ing discrete rectifier diodes for D5 
through D8, secure the 4 -lug termi- 
nal strip in place with one of the 
screws used to mount Tl in place 
and, referring back to Fig. 4, wire the 
diodes to the lugs. (Make sure that 
you select a terminal strip whose lugs 
are isolated from its mounting tabs.) 
Otherwise, mount the bridge recti- 

Capacity and Charge Rate for Popular Nickel- Cadmium Cells 

Size Capacity 
mAHr 

Standard Charge 
mA Hrs. 

Quick Charge 
mA Hrs. 

N. 150 15 15 38 6 

AAA 180 18 15 45 6 

1/3 AA 110 11 15 

2/3 AA 250 25 15 75 4.5 

AA 500 50 15 150 4.5 

1/2 C 600 60 15 150 6 

SC 1,200 120 15 300 6 

C 1,800 180 15 

D 4,000 400 15 

F 7,000 700 15 

fier assembly and fuse holder on the 
rear wall of the enclosure. Pass the 
free end of the ac line cord through a 
rubber -grommet -lined hole and tie a 
knot in it about 6" from the inside 
end. Finish wiring the power supply 
circuit according to Fig. 5. 

If the battery holders and connec- 
tors are to be external to the main 
project, terminate their interconnect 
cable with a plug to match the proj- 
ect- mounted jack. You can start 
from scratch making an enclosure 
for the connectors and holders, or 
you can cannibalize a commercial 
battery charger. 

Your choice of battery holders de- 
pends on your needs. If you want a 
universal charger, design the system 
to handle all possible types of batter- 
ies and cells. 

Calibration and Use 

To calibrate 10 -turn V MAX control 
R1, connect an accurate voltmeter 
between the control's wiper and 
ground terminals. Prepare a two -col- 
umn calibration chart with headings 
of "Number of Cells," "Volts" and 
"Setting." Under the first heading, 
write the numbers 1 through 10 in a 
vertical column and under "Volts" 
the figures 1.4, 2.8, 4.2, 5.6, 7.0, 8.4, 
9.8, 11.2, 12.6 and 14.0. Now adjust 
RI for meter readings of each of the 

voltages entered in the second col- 
umn, filling in the vernier dial set- 
tings at which each occurs in the ap- 
propriate location under the "Sett- 
ing" heading in the table. Tape the 
calibration table to the project's en- 
closure for ready reference. 

To calibrate the deep discharge li- 
mit, first set RI for a meter reading 
of 8.4 volts. Then connect the volt- 
meter between the wiper terminal of 
V MIN control R3 and ground and ad- 
just this trimmer for a reading of 6.0 
volts. No further adjustment of R3 is 

required since it tracks RI. 
Discharge load resistor R2I's 

20 -ohm value gives discharge rates 
and times that vary according to the 
voltage and capacity of the battery or 
cell(s) connected to the Recycler. 
With a 10 -cell 12.5 -volt, 500 -mAHr 
pack, this load discharges at a 
625 -mA rate in about 1 hour. A 
1.25 -volt, 500 -mAHr single AA cell 
will discharge at a 62.5 -mA rate in 
approximately 8 hours, while a single 
4,000 -mAHr D cell will discharge at 
the same rate in 64 hours -which is 

excessively time -consuming for prac- 
tical recycling! 

If you intend to recycle low num- 
bers of high- capacity cells, you may 
want to switch in some lower- resis- 
tance loads via S3 to speed up the 
process. The values of discharge re- 
sistors R22 and R23 are calculated 
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using the formula R = E /I, where R 
is in ohms and E is total voltage and I 
maximum allowable discharge cur- 
rent for each cell and battery combi- 
nation. Maximum discharge current 
should not exceed cell capacity. (See 
the Table for capacity and charge 

y rate information for various popular 
Ni -Cd cells.) Use the P = IE formula 
to determine wattage. Just make sure 
to use resistors with high enough 
wattage ratings to safely handle the 
current flow. 

Use of the Recycler feature is not 
limited to HT packs. Batteries from 
electric razors, emergency lights, sol- 
dering irons, etc., all tend to be 
maintained on trickle charge until 
needed and are, thus, susceptible to 
memory problems. By periodically 
exercising them with this project, 
they can be restored to full capacity. 

When first recycling a battery suf- 
fering from the memory effect, best 

ET THE WORD 
ON SWL RECEIVERS 

1a&11y11© Il'3lROISIIVMP3° 

ilithiunfa¢3 cut? Qbxokr!) 

By Rainer Lichte 
GILFF.R SII(IRTWAVFJ(.Ixer Associates Inc. 

Find out how they really perform with this 
comprehensive new book by famous radio 
engineer, Rainer Lichte. He puts all the pop- 
ular SWL receivers through real -life tests and 
gives you the actual results (so you have 
something besides manufacturer's specs. to 
judge by). Covers Panasonic, Sony, Yaesu, 
Kenwood, Drake, Eska, Hitachi, Grundig, 
Phillips, JVC, Dymek, ITT, ICOM, Bearcat, 
and more (explains the mysteries of tech. 
specs., too). 256pp of straight info. 
Send $18.50 ( +$2 Shipping and Handling) to: 

POPULAR COMMUNICATIONS 
76 N. Broadway, Hicksville, NY 11801 
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results are obtained by using a low 
charge rate, such as 50 mA for a 500 - 
mAHr AA cell. 

When using the Zap mode, re- 
member that the CONDITION LED 
will light to indicate that the short 
has cleared, but you must make sure 
that the cell remains in this condi- 
tion. To do this, continue to zap the 
cell for 10 to 30 minutes (the time be- 
ing in proportion to how long it took 

to initially burn away the internal 
short) after LED2 lights continuous- 
ly. This assures that the cell is fully 
restored before it is put back into ser- 
vice. Also, after zapping, immedi- 
ately put the cell on a low charge cycle 
until you measure 1.4 volts across it 
during charging. (It will initially mea- 
sure about 1.25 volts at the end of 
zapping.) This ensures that whiskers 
will not grow back in just a few days. 

LOWEST PRICE? YES!!! 

DS /DD DS /DD 
390 590 

BULK 51/4" BOXED 51/4" 
DISC #GD3 DISC #GD2 

HIGHEST QUALITY? YES!!! 
WE GOT AN OFFER 

TOO GOOD TO REFUSE!! 
A new supplier offered us the best price 
imaginable. Thanks to them, our new 
GD -3 disk is now the lowest priced DS /DD 
disk in the country, but is still certified 
error free at more than 25% above indus- 
try standards. They come with lots of 
labels and tabs and have Tyvex sleeves, 
not paper that creates static and lint. 
Sorry, no quantity discounts at this low 
price! Packed 100 per box. 

GENERIC DOESN'T MEAN JUNK 
Our GD -2 disks are the best quality disks 
we sell. Their error free certification level 
exceeds that of Maxell;" Dennison 
Elephant;" Verbatim;" Wabash DataTech, 
or Bonus;" which we also sell at the 
lowest prices in the Country. They are 
certified error free at a whopping 75% 
above industry standards, with jackets 
25% thicker than industry standards. 
They come with Tyvek sleeves, labels. 
and write -protect tabs. 

You can buy discs far above industry standards at far below competitive prices. 

Shipping $3.00 per hundred or part, APO. FPO. AK, HI, 8 PR add $6 more. Visa or Mastercard orders under $50 add $2 00. Orders under $30 add 

$3 service charge. Money orders. cashiers checks, and personal checks earn a 2% discount. but personal checks delay shipment for up to 14 days 
or clearance. New Jersey residents add 6% sales tax. We ship COD cash or certified check only for a $300 charge Quantity discount on GD2 t%/300. 

2 °Po /500, 4%/1.000. 

P.O. Box 249 
11 Osage Road 
Rockaway, N.J. 07866 COMPUTER SUPPLIES (800) 367.2897 

Save Deduct an extra 5% from 
an O our discount prices when 

Extra O you mail this coupon with 
your order. Telephone orders refer to coupon ME -2. 

This coupon valid through October 15th only. 

CIRCLE 20 ON FREE INFORMATION CARD 
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